Experimental allergic encephalomyelitis (EAE) and Theiler's murine encephalomyelitis virus (TMEV) disease are two demyelinating diseases of the central nervous system (CNS) that serve as animal models for multiple sclerosis. Th1 cells are thought to play a role in the pathogenesis of CNS demyelination in both these diseases. We show here the differential influence of interleukin 12, a critical cytokine for the development of Th1 cells in EAE and TMEV disease.
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Experimental allergic encephalomyelitis (EAE) is an autoimmune disease induced following immunization with neural antigens or by adoptive transfer of neural antigen-specific T cells in susceptible animals (8) . Theiler's murine encephalomyelitis virus (TMEV) disease is induced following intracerebral inoculation of TMEV, a member of the picornavirus family, in susceptible animals (3) . In both these diseases, the pathogenesis of paralytic syndrome is associated with the infiltration of inflammatory cells and destruction of myelin sheath in the central nervous system (CNS). Because of the close similarities in pathology and clinical syndrome, EAE and TMEV disease have been used as animal models for multiple sclerosis. Despite many similarities in the nature of the disease, the mechanisms involved in the pathogenesis of EAE and TMEV disease seem different. EAE is an archetypal autoimmune disease, mediated by major histocompatibility complex (MHC) class II-restricted, neural antigen-specific, CD4
ϩ Th1 cells (8, 13) , whereas in TMEV disease, the CD4 ϩ Th1 cells play a role in the pathogenesis of CNS demyelination and in mediating protective antiviral immune responses (1, 3, 9, 11) . However, the development of TMEV-induced CNS demyelination in both MHC class II and CD4 knockout mice suggests that the CD4 ϩ Th1 cells play a less important role in the pathogenesis of TMEV disease (12, 13) .
Cytokines produced by immune cells in the CNS are known to play a major role in determining the nature and extent of CNS demyelination in human and animal models. Interleukin-12 (IL-12) is a macrophage-derived, 70-kDa heterodimeric cytokine capable of inducing proliferation, gamma interferon production and the development of Th1 type immune response (14) . Recent studies suggested that IL-12 plays a pivotal role in the pathogenesis of Th1 cell-mediated autoimmune diseases (2, 4, 14) . We showed earlier that the expression of IL-12 in the CNS and lymphoid organs of mice with EAE (henceforth termed EAE mice) associates with the onset of paralytic syndrome (2) . In this study, we compared the role of IL-12 in the pathogenesis of CNS demyelination in EAE and TMEV disease.
To examine the role of IL-12 in EAE, 4-to 6-week-old female SJL/J mice (National Institutes of Health, Bethesda, Md.) were treated intraperitoneally (i.p.) with 1 mg of neutralizing anti-IL-12 MAb (C17.15) (n ϭ 10) or phosphate-buffered saline (PBS) (n ϭ 10) on days 0, 3, 7, and 12 following adoptive transfer (i.p.) of 10 7 myelin basic protein (MBP)-specific T cells, and the clinical grades were scored as reported earlier (2) . While eight mice that received PBS developed paralytic syndrome, none of the mice that received anti-IL-12 MAb developed hind limb paralysis ( clinical severity in mice treated with anti-IL-12 MAb was very low (0.9) compared to that in mice treated with PBS (2.75 [Student's t test, P Ͻ 0.01]). To further determine the role of IL-12 in EAE, we examined the histology of CNS as described earlier (10) . On day 25, the EAE mice treated with PBS showed extensive inflammation and demyelination in the spinal cord, whereas those treated with anti-IL-12 MAb showed only minimal inflammation and demyelination (Fig. 2) . The decreases in the degree of parenchymal inflammation and demyelination in EAE mice following treatment with anti-IL-12 MAb were 94.3 and 96.9%, respectively (Student's t test, P Ͻ 0.01) ( Table 1) .
To examine the role of IL-12 in the development of TMEVinduced disease, SJL/J mice were treated (i.p.) with 1 mg of neutralizing anti-IL-12 MAb C17.15 on days 0, 7, 14, 21, and 28 following intracerebral inoculation of TMEV (2 ϫ 10 5 PFU in 10 l of PBS). The histologic analyses of CNS showed that the degree of parenchymal inflammation in the spinal cord of 35-day TMEV-infected mice treated with anti-IL-12 MAb was comparable to that in mice treated with PBS (Fig. 2) . The pathological scores for demyelination were greater for anti-IL-12 MAb-treated mice than for those treated with PBS (Table 1), but the difference was not statistically significant (Student's t test, P Ͻ 0.05).
To further examine the differential influence of IL-12 in EAE and TMEV disease, the levels of serum IL-12 in naive, EAE and TMEV-infected mice were examined by enzymelinked immunosorbent assay (ELISA) as described previously (2) . Naive SJL/J mice showed detectable levels of circulating IL-12 (3.1 Ϯ 1.7 ng/ml), which increased two-to threefold following induction of EAE or TMEV disease (Table 2) . No detectable level of IL-12 was found in the sera from EAE or TMEV-infected mice after treatment with anti-IL-12 MAb, suggesting the development of TMEV disease but not EAE even after complete neutralization of IL-12 in circulation.
Earlier studies showed the protective effects of anti-CD4 and anti-MHC class II MAb in animals with EAE but not TMEV disease (13) . The development of TMEV-induced CNS demyelination in MHC class II and CD4 knockout mice suggested that the CD4 ϩ T cells are not necessary for the pathogenesis of TMEV disease (6, 7, 12) . The increased levels of IL-12 in the CNS and lymphoid organs of mice during the paralytic phase of EAE and the ability of anti-IL-12 MAb to a Spinal cord sections were prepared as described in the legend to Fig. 2 , and morphological analyses were performed on 10 to 15 coronal spinal cord sections from each mouse. Each quadrant of every spinal cord section from each mouse was scored for the presence or absence of gray matter inflammation and parenchymal inflammation or demyelination. The pathologic score for each mouse was expressed as the percentage over the total number of quadrants examined. The average number of quadrants examined per mouse was 58. Therefore, this study included the analyses of 1,682 spinal cord quadrants (n ϭ 29 mice). Data from two experiments are shown as means Ϯ standard deviations of the percentage of the spinal cord quadrant showing inflammation or demyelination. The statistical analyses were performed by Student's t test.
reduce the incidence and severity of EAE suggest the central role of Th1 cells in the pathogenesis of EAE (2, 4) . Although the increase in the levels of serum IL-12 correlated with the development of both EAE and TMEV disease, the lack of inhibition of TMEV disease after treatment with neutralizing anti-IL-12 MAb suggests that IL-12 is not critical in the pathogenesis of TMEV disease.
Viral infection of glial cells and autoimmune response to myelin antigens are the two perhaps mutually exclusive explanations for the mechanisms of CNS demyelination. The autoimmune process may be initiated by molecular mimicry between neural and viral antigens or by epitope spreading (5). Although our study does not refute the development of a Th1 response in SJL/J mice following infection with TMEV, it argues against an effector function for CD4 ϩ Th1 cells in TMEV-induced CNS demyelination. Our study also suggests that a direct injury resulting from viral persistence in glial cells is the central mechanism of CNS demyelination in TMEV disease. Despite the many pathologic and clinical similarities, the immune mechanisms involved in the pathogenesis of EAE and TMEV disease are different. 
